Abstract: Union representation has been in strong decline in most OECD countries with potentially important consequences for wages. What drives this decline? We try to answer this question by developing and implementing a detailed Fairlie decomposition approach. Using linked employer-employee data from the German Structure of Earnings Survey for 2001 and 2006, we document a sharp drop in collective bargaining coverage that amounts to 17 percentage points for males and 20 percentage points for females in West, and 8 and 14 percentage points, respectively, in East Germany. We find that neither changes in the characteristics nor changes in the coefficients associated with the characteristics as a whole provide an explanation for the drop in collective bargaining coverage. The drop in coverage is the result of an unexplained time trend.
Introduction
Union representation has been in strong decline in most OECD countries (Visser 2006; Lesch 2004; OECD 2004; Card et al. 2003; Schnabel 2013) . It is interesting to see that the same trend affects countries with very different institutional setups such as the USA, Canada, the UK, and Germany.
1 This trend may have important consequences. In particular, it may result in lower wage levels and growing wage inequality because unions tend to compress the wage distribution from below. 2 Germany is an interesting case to study because it underwent a remarkable transition from being considered as the "sick man" of Europe to experiencing a "jobs miracle" (European Commission 2002; Krugman 2009; Möller 2010; Dustmann et al. 2014) . In Germany, collective agreements dominate the entire process of setting working conditions -not only for union members. Collective wage agreements in Germany define minimum working standards not only for union members but typically for all employees of a covered establishment. Therefore, coverage rates are much higher than membership rates and more relevant for assessing the range of union representation in the labour market. Just as union membership has dropped, also the share of employees covered by a collective bargaining agreement has dropped sharply.
3 According to Kohaut (2004, 2014) this share dropped from 70 % in 2003 to 60 % in 2013 (also see Addison et al. 2010 , Antonczyk et al. 2010 . The strongest decline in coverage on a year-to-year basis seems to have occurred during the first half of the 2000s which is the period we investigate in this paper. Our study analyses the trend during the early 2000s by means of a statistical decomposition analysis. Can changes in the composition of the workforce explain this trend (i. e. a characteristics effect)? Or were there large changes in the propensity to work in a covered establishment for certain employee groups (i. e. a coefficients effect)? Or is this a trend that affects all groups of employees equally? A large part of the variation in collective bargaining coverage is explained by sector affiliation Antonczyk et al. 2010) . Thus, the currently observed sectoral shift from manufacturing to services could potentially drive collective bargaining coverage down. Moreover, collective bargaining coverage varies substantially with firm size (Biebeler and Lesch 2007; Fitzenberger et al. 2011) . Furthermore, age and tenure of an individual employee are positively related with the likelihood of working in a covered establishment. Educational upskilling could reduce union representation over time if higher skilled employees tend to work in non-covered establishments. Further determinants of union membership include risk aversion (Goerke and Pannenberg 2012) and political attitudes (Biebeler and Lesch 2007; Fitzenberger et al. 2011; Schnabel and Wagner 2007) .
A few studies have decomposed the drop in union representation in Germany over time, as measured by the drop in union membership Addison et al. 2011; Schnabel and Wagner 2007) . Following the decomposition approach for limited dependent variables introduced by Fairlie (2005) , they conclude that changes in the composition of the workforce are not the main driving force of the drop in membership. Rather, the residual effect looms large which is due to the changing associations between the covariates and collective bargaining coverage as well as the impact of unobservables.
Our analysis tries to determine the mechanism through which the reduction in coverage operates in a statistical sense. This paper adds to the literature by developing a detailed decomposition approach and applying it to decompose changes in collective bargaining coverage rather than in union membership over time. This approach allows separating out the effects of first individual characteristics, second firm characteristics and third industry branch. Moreover, within the residual effect the method allows separating the effect due to changes in the different coefficients from unexplained changes over time. This approach is based on Fairlie (2005) and extends it in order to sequentially distinguish the contribution of certain groups of characteristics. This is similar to the approach of Antonczyk et al. 2010 Antonczyk et al. , 2009 or more generally of DiNardo et al. (1996) for the case of continuous dependent variables. To the best of our knowledge, our study is the first to sequentially decompose the drop in union representation.
The second contribution lies in the analysis of union coverage instead of union membership. We use the German Structure of Earnings Survey (GSES), a large and reliable linked employer-employee data set provided by the Research Data Centres of the German Statistical Office. Previous studies on Germany have often used either ALLBUS or SOEP data for union membership or the IAB establishment panel for firm-level analyses. The ALLBUS and the SOEP do not provide any information on union coverage at the individual or firm level. The IAB establishment panel involves union coverage at the establishment level, information which is self-reported by a firm representative and which has been used in a number of studies for Germany. The GSES data also provides information on coverage at the establishment level, which is arguably more precise than the information contained in the IAB establishment panel, because the GSES is based on personnel records of the establishment sent directly to the Federal Statistical Office. In this study, almost 1,500,000 full-time employees will be analysed for the years 2001 and 2006. We argue that this time frame is interesting because it is the time during which the German labour market underwent a strong transformation and labour market conditions improved considerably. During the same time, wage inequality increased strongly and the drop in coverage was particularly strong (as measured on an annual basis). Moreover, considering the time period from 2001 to 2006 leaves out potential effects from the great recession starting in 2007.
Admittedly, the GSES comprises less information at the individual level or at the establishment level compared to some of the aforementioned data sets, respectively. Union membership may be associated with employee characteristics Addison et al. 2011; Schnabel and Wagner 2007) , which are not recorded in the GSES. The decline in union membership precedes the decline in union coverage, however, there may be a relation between both. For instance, unions may find it harder to organize new establishments if membership is low. Thus, a decline in membership may result in a decline of coverage subsequently. Establishments under distress may opt to drop out of collective bargaining agreements (Addison et al. 2010; Dustmann et al. 2014 ). Thus, a drop in coverage may be associated with indicators of the development of the establishment over time (e. g. profits, firm growth), and a weak labour market (e. g. as measured by the local unemployment rate) may be a general indicator of distress (Gürtzgen 2016) . Thus, an analysis based on the GSES should be viewed as a complement rather than a substitute, on the one hand, to the analysis of union membership based on the SOEP or ALLBUS and, on the other hand, to a panel analysis of union coverage based on the IAB establishment panel (possibly augmented by information on individual employees from social security records). The advantages of our analysis based on the GSES are the large sample size and the highly reliable information provided which are based on personnel records of the establishments. The large sample size of the GSES allows for a detailed sequential decomposition analysis.
Our results based on the GSES show that collective bargaining dropped sharply over the period from 2001 to 2006. While for male employees in West Germany, the drop in the share of employees who work in a covered establishment amounts to about 17 percentage points (ppoints), for West German females the drop amounts to nearly 20 ppoints! For East Germany, the drop in collective bargaining amounts to 8 ppoints for male and 14 ppoints for female employees. The decomposition results clearly show that only a minor part of the drop in collective bargaining coverage can be explained by the characteristics or their corresponding coefficients, in both West and East Germany. We interpret the complex pattern in East Germany as the results of the ongoing structural adjustment process on-site. Both for West and East Germany, the drop in coverage is the result of an unexplained time trend. This means that the drop in collective bargaining coverage is not confined to certain industry sectors, to firms of a certain size nor to certain educational groups.
The rest of this article is structured as follows: The next section briefly explains the German institutions concerning collective bargaining. Next, Section 3 develops the methodology starting out from the existing decomposition for limited dependent variables and extends it to a sequential decomposition for our case. Then, Section 4 describes the data used and descriptive statistics. Section 5 presents the results. Finally, Section 6 concludes. An additional online appendix provides further details on the empirical analysis. 
Institutional background and literature
Collective bargaining agreements in Germany are generally negotiated between an employers' association and a union. As an alternative to these forms of collective negotiation, employers and employees can negotiate individual contracts. When a collective agreement is achieved, it applies to all firms that form part of the corresponding employers' association and that operate in the relevant sector and region. On the side of the employees, legally, the collective contract only needs to be applied to union members. However, it is very common that employers pay all employees according to the collective contract.
5 This is because employers want to reduce negotiation costs and to reduce the incentive to become a union member . For this reason, collective bargaining coverage is much higher and more relevant than union membership in Germany (Fitzenberger et al. 2013) . The bargaining process can take place at the sectoral or at the firm level, so as to reach more or less centralised results. Sectoral agreements apply to all establishments in the corresponding sector and region and may have to accommodate very different firms in terms of e. g. size and profitability. Meanwhile firm-level agreements can be adjusted much more specifically to the single employer. For this reason, it was expected that the firms' need for flexibility might lead to a situation in which the drop in sectoral bargaining is accompanied by a rise in firm bargaining. However, this could not be confirmed empirically (Antonczyk et al. 2010) . Rather, the specific literature finds a stagnation or only a small drop in firm-level bargaining, for both West and East Germany (Ellguth/Kohaut 2004 , 2007 , 2011 , 2013 . Therefore, and because both types of collective bargaining are rather similar, we will not further differentiate between these two types of agreements.
As a matter of course, employers are always free to pay higher wages or premia than the collective agreement requires them to ("favourability principle" or "Günstigkeitsprinzip" Bosch 2004). But they may not undercut the collective agreement. 6 In this sense, collective agreements define minimum working standards for all employees working in a covered establishment (also see Fitzenberger et al. 2013) . For this reason, our measure of collective bargaining coverage will reflect whether or not an employee works in an establishment that is covered by collective bargaining (as in Antonczyk et al. 2010). 7 Finally, the contracts of individually contracted employees often explicitly or implicitly refer to a collective agreement. In other words, some firms that are not part of an employers' association and for which the application of a collective agreement is not binding may still use a collective agreement as a benchmark in their wage setting ("Bezugnahme-Klausel " Hold 2003: 478) . Although the application of a collective contract comes into effect voluntarily from the employer's side, the collective contract might turn to be legally binding under certain conditions (Hold 2003) . Regarding those employees who work in establishments that are not directly covered by collective bargaining, about half of them work in establishments that still use the collective contract for orientation (Ellguth/Kohaut 2004 , 2007 , 2011 , 2013 Addison et al. 2015) . For the reasons discussed here, coverage by collective agreements is likely to exceed membership in an employers' association (Schnabel and Wagner 1996) .
While this "orientation" towards a collective agreement is of large relevance among German employers, it is naturally difficult to find any precise numbers on its distribution. These numbers are not recorded in the data set that we use.
6 One exception that has recently gained importance is the issue of opening clauses or hardship clauses which allow lower wages or higher working hours under certain restrictive conditions (Heinbach 2005 (Heinbach , 2006 Heinbach and Schröpfer 2007; Garloff and Gürtzgen 2011; Dustmann et al. 2014) . 7 Due to "monopoly representation of industrial unionism" (Hassel 2007: 178) only one union per establishment is allowed to represent all employees. The legal German term is "Grundsatz der Tarifeinheit", see Hold 2003 . Thus, during the time period of our analysis, there may be at most one collective contract per establishment, and competition of unions or of different collective contracts is ruled out. The situation has changed in the late 2000s and small, occupation-specific unions play a bigger role today. Today, it is possible to have different collective wage agreements in one firm, which is the issue in the 2014/2015 labour dispute at Deutsche Bahn.
What we will focus on later in this study is whether or not an employee works in an establishment that is covered by collective bargaining.
What is the extent of union coverage in Germany? Ellguth and Kohaut (2004 , 2007 ) report a share of covered employees of 70 % for West Germany for the year 2003 which dropped to 65 % in 2006 and further declined to 60 % in 2013. For East Germany, the coverage rate on the employee level was at 54 % in 2003 and 47 % in 2013 Kohaut 2004, 2014) . Their results are based on the IAB establishment panel and differences to the results obtained from the GSES data are probably due to different response behaviour or different data selection. Based on the same data set, Addison et al. (2010) report a drop of coverage at the employee level from 64.1 % in 2000 to 55.8 % in 2008 for the whole of Germany.
Naturally, data on coverage at the establishment level reveals very different shares because coverage is strongly related to the size of the establishment. Coverage at the establishment level was reported to be at 48.1 % in West Germany in 2000 (Schnabel et al. 2006) . When establishments with only ten or more employees are considered, this share increases to 61.7 % (ibid.). Meanwhile, Addison et al. (2011) report a drop from 62.5 % in 1998 to 51.1 % in 2004, whereas Addison et al. (2010) report coverage shares of 49.9 % in 2000 and 38.1 % in 2008 for entire Germany. Once again, it seems as if different data sets obtain different coverage shares but they uniformly describe a clear drop. This very sharp drop is to be explained by the following decomposition approach.
A similar picture emerges based on union membership rates which are at a much lower level due to the institutional set-up in Germany as explained above. Fitzenberger et al. (2011) report membership rates of 29.9 % in 1985, 26.7 % (37.3 %) in 1993 and 20.0 % (17.5 %) in 2003 for West (East) Germany. Based on a different data base, Schnabel and Wagner (2007 ) reports 32.7 % in 1980 , 28.7 % in 1992 , and 21.7 % in 2004 for West Germany. For Germany as a whole, Schnabel (2013) reports 24.6 % for 2000 and 18.6 % for 2010. Irrespective of the data source, all studies confirm a strong drop in union membership.
What explains the drop in union representation? The reduction in the employment rates of full time employees, males, and blue collar workers was expected to lead to a reduction in union membership (Schnabel and Wagner 2007) . Based on a similar composition argument, the shift in the industry structure towards the service sector was expected to go along with lower union representation because establishments in the service sector are less frequently covered by collective bargaining than in the manufacturing sector (Hassel 2007) . Moreover, firms which become more exposed to international competition may have a growing need for flexibility and might therefore leave the system of collective bargaining (Kohaut and Bellmann 1997; Bosch 2004 ).
However, in contrast to these considerations, recent empirical studies do not confirm the expected role of changes in the composition of the workforce (Schnabel/Wagner 2007; Fitzenberger et al. 2011; Addison et al. 2011 ). The two decomposition analyses by Fitzenberger et al. (2011) and Schnabel and Wagner (2007) show that changes in the composition of the workforce -as captured by the characteristics effect in a decomposition following Fairlie (2005) -explain little or hardly anything about the drop in union membership. Instead, Schnabel and Wagner (2007) attribute more than 90 % of the drop in union membership to a residual effect which they do not interpret any further. We are aware of only one study that decomposes changes in collective bargaining coverage in Germany which is carried out by Addison et al. (2011) . However, this study uses an Oaxaca (1973) and Blinder (1973) type of decomposition which ignores the non-linearity of the dependent variable. The authors find that changes in the coefficients fully explain the drop in collective bargaining coverage and interpret these as behavioural changes.
The present study adds to this literature in two ways. First, we analyse union coverage rather than union membership because this may be the more relevant measure for outcomes like wages. Second, we extend the decomposition approach by Fairlie (2005) to consider in detail the separate contributions of different sets of covariates. In this way, we address the research question to which extent changes in the composition of first individual characteristics, second firm characteristics and third industry branch have affected the drop in collective bargaining coverage. At the same time, we separate the effects of changes in the three corresponding sets of coefficients from each other and from the residual effect. We will focus on this methodology in the next chapter.
Methodology
Several decomposition procedures have been developed in order to decompose changes in some dependent variable into parts that are attributable to changes in characteristics or in coefficients. The original approach by Oaxaca (1973) and Blinder (1973) applies to the linear regression case. However, when studying changes in collective bargaining coverage, the dependent variable is binary and thus a non-linear parametric model is required. For this case Fairlie (1999 Fairlie ( , 2005 develops a decomposition approach on which this study is based.
We want to decompose changes in collective bargaining coverage over time. Adapting Fairlie's method to our application, the decomposition reads:
where X is the covariates matrix and β is the coefficients vector. In this case, the function F corresponds to the standard normal cumulative density function, corresponding to a probit model. We estimate all the decompositions separately for males and females and for East and West Germany. For all covariates we take differences to their 2001 means within the corresponding subsample (males/females; East/West). This allows us to interpret changes in the constant as changes over time.
The second term in eq.
[1] is called the "characteristics effect" as it represents differences in the outcome variable that occur due to the differences in the distributions of X (Fairlie 2005: 307) . The first term in brackets captures those differences that occur due to changes in the coefficients and in the constant. In case there were relevant factors which are unobserved to the researcher, the constant would be affected. In this case, also the coefficients could be biased in case the unobservables correlate with the covariates. For this reason, the corresponding first term of the decomposition is usually labelled "residual" term or "unexplained" part (Fairlie 2005: 307; Schnabel and Wagner 2007) .
The coefficientsβ are obtained from probit regressions of a collective bargaining dummy on a set of covariates. The covariates can be grouped into three subgroups of interest: P: Personal characteristics of the employee, i. e. age, tenure and education. F: Firm characteristics of the job match, i. e. firm size, region and share of male employees. S: Sector of the firm, i. e. industry branch. matching of the observations for the construction of a hypothetical counterfactual combination. 9 Fairlie (2005: 308) suggests matching the observations based on the ranks of the fitted values of the estimated nonlinear functions. In case both subgroups are not of the same size, he further suggests using a random subsample of the larger group. However, this approach does not explicitly take account of the correlations between the covariates and therefore we further develop the approach at this point (similar to Antonczyk et al. 2010) . The following approach is based on the sequential decomposition suggested by DiNardo et al. (1996) and further developed by Chernozhukov et al. (2013) and by Antonczyk et al. (2009 Antonczyk et al. ( , 2010 . While all these approaches apply to the case of a continuous dependent variable, we will now translate them to the case of a limited dependent variable based on Fairlie (2005) .
Thus, we want to decompose:
where X P , X F and X S denote sets of personal and firm characteristics and the industry sector respectively, and β P , β F and β S the corresponding coefficients. β 0 denotes the constants obtained from the two underlying probit regressions for 2001 and 2006. We will analyse the contribution of each of the components separately by changing them step by step as denoted by the following sequence of effects:
9 Consider changes in the sector composition of the workforce over time as an example. In order to estimate the contribution of only this change on collective bargaining coverage, everything else has to be held constant. In this example, one might want to compare X . This is the explanation for why some sort of matching is required.
The choice of a sequence is not innocuous because the order matters in any sequential decomposition, i. e. they are path-dependent. 10 We choose this spe- 10 An exception is an approach by Schwiebert (2015) . This approach evaluates the difference in a covariate x k at the corresponding marginal effect from a pooled regression. A drawback for the applied work with large data sets is that this approach requires taking all possible pairs between observations of each group. The approach also ignores correlations between characteristics which our approach takes into account.
Decomposition of Coverage
The fifth component, Δ 5 , captures changes in the industry composition of the workforce. For example, if there is a trend towards tertiarisation and collective bargaining coverage in the service sector differs from the one in the manufacturing sector, this compositional effect is reflected in the fifth component. The sixth component, Δ
6
, captures changes in the composition of firms. For example, if there is a trend towards larger firms and if larger firms have different propensities to be covered by collective bargaining than smaller firms, then this is reflected in the sixth component.
The seventh component, Δ
7
, captures changes in the composition of employees. For example, if there is a trend towards educational upskilling and if highly educated employees display lower probabilities of collective bargaining than lower educated employees, then this is reflected in the seventh component.
All seven components add up to the total change in collective bargaining coverage over time as given by the difference between the average predicted values from the conditional models (see eq.
[3]). The crucial assumption that underlies the estimation of a hypothetical counterfactual distribution is that a change in the covariates X does not affect the parameters of the conditional distribution model given X (e. g. Chernozhukov et al. 2013; Antonczyk et al. 2010) . In other words, the decomposition approach ignores general equilibrium effects. This is similar to other decomposition methods in the literature (e. g. DiNardo et al. 1996) . 12 This means that if changes in the characteristics cause the coefficients to change or vice versa, this interrelation cannot be detected by the decomposition approach.
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11 Also see the discussion in Fortin et al. (2011: 52) . 12 For an overview see Fortin et al. (2011) .
13 Consider the example of a rise in the relative wages of high-skilled employees which causes the supply of high-skilled to increase. An example of the opposite direction of the effect would be the case of a rising supply of high-skilled which would cause a reduction of their relative wages. These types of indirect effects would be ignored by the decomposition approach employed here.
Another caveat to the standard Fairlie method refers to the fact that the residual effect does not further differentiate between the impact of coefficients and of the constant (Schnabel and Wagner 2007) . This point is also addressed by our approach because changes in the coefficients are separated from changes in the constant.
Finally, as explained above, sequential decompositions are path-dependent. Therefore, the order will be reversed later in order to test for robustness (see the online appendix for details).
Data and descriptive statistics
Our analysis uses the 2001 and 2006 waves of the German Structure of Earnings Survey (GSES, "Verdienststrukturerhebung").
14 This is a large mandatory linked employer-employee data set (LEED) consisting of repeated cross-sections. There are comparable data sets in other EU countries, such as the Spanish Earnings Structure Survey used e. g. by de la Rica et al. (2015) . As data are reported by the personnel departments of the establishments, such variables like coverage by collective bargaining, industry sector, firm size, wage payments, and hours worked are very reliable. 15 The data involve a random draw among all establishments with at least ten employees. The advantage of linked employer-employee data is the joint availability of highly reliable firm-level and individual-specific data. 16 The disadvantage of this specific data set is that it consists of repeated cross-sections rather than a panel. We still use it due to its way of measuring collective bargaining coverage.
14 Data access is provided by the research data centres of the Federal Statistical Office and the statistical offices of the "Länder." These also provide metadata, see www.forschungsdatenzen trum.de/bestand/gls/index.asp The quality report to this data set can be found at www.destatis. de/DE/Publikationen/Qualitaetsberichte/VerdiensteArbeitskosten/Gehaltlohn.pdf Both sources last retrieved on 16. Feb. 2015. Also see the data documentation for this article. 15 The number of observations increases substantially from 2001 to 2006. This is likely due to the fact that thanks to the electronic data transfer, many firms in 2006 voluntarily provided data on all of their employees rather than just reporting the data for a random selection of employees.
16 For example, the ALLBUS data set does not contain the industry sector since 1994 (Biebeler and Lesch 2007) . The SOEP survey does not ask for coverage by collective bargaining. Even if it did, respondents would not know whether their colleagues are paid by a collective contract and there would be the risk of a large measurement error.
Decomposition of Coverage
We limit our sample to establishments in the private sector which operate in those industries that are available in both years. 17 We limit our sample to prime aged employees in Germany who work full time. 18 For 2001, the final sample includes more than 400,000 employees in West Germany and about 125,000 employees in East Germany (see Table 1 ). In 2006, there are more than 700,000 employees in West Germany and 210,000 in East Germany. All observations are weighted by the inverse sampling probability reported with the data. Table 2 provides definitions of the variables available in our data. In the data, for every individual employee it is reported whether one is covered by sectoral level bargaining, firm level bargaining or individual bargaining. We combine sectoral and firm level bargaining into just one category of collective bargaining (see Section 2). Next, we define an employee as covered by collective bargaining as soon as one works in a covered establishment, i. e. an establishment with a minimum number of individually-covered employees.
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This definition takes account of the fact that collective bargaining coverage defines minimum standards for all employees working in a covered establishment in general. Note that we still analyse shares of covered individuals and not of covered firms (as done in Addison et al. 2010 Addison et al. , 2011 Schnabel et al. 2006 ). This allows filtering out effects of changes in individual-specific characteristics, such as increases of the educational attainment. Table 1 Compared to the literature on Germany, the coverage reported in the GSES is lower. A different level of coverage can be partly explained by a different data selection. We exclude not only the public sector but also the entire health and education sector. Furthermore, the literature reports a smaller drop in coverage over time. We think that the coverage variable in the GSES is more reliable than self-reported coverage in non-mandatory surveys. Despite these differences, there is a consensus in the literature that a sizeable decline in coverage by collective bargaining occurred during the 2000s. We try to explain this drop by the following decomposition approach. Tables 3 and 6 show the differences in coverage between different groups. While in West Germany, the medium-skilled show the highest coverage in 2001 and also for males in 2006, coverage in East Germany is highest for the low-skilled in 2001 and also for low-skilled males in 2006. In contrast, coverage in 2006 in both West and East Germany is highest for high-skilled females. The federal states North Rhine-Westphalia (NRW), Bavaria, Saxony-Anhalt, and Berlin start out with a high level of coverage in 2001 and experience a very sharp drop in 2006 by 17 ppoints and more. As expected, coverage generally increases with establishment size (with the exception that, in 2006, the largest coverage rate among females in West Germany is found for the second largest group of establishments because the largest establishments show a very large drop). Regarding the differences in coverage across industries, coverage is large for electricity, gas, water (in West Germany), mining and quarrying, manufacturing of transport equipment, post and telecommunications, finance and insurance, and coke, chemicals (in East Germany). The industries with the lowest coverage are data processing (in West Germany), real estate (in East Germany), and research, other services. The general descriptive findings are in line with the results reported by for 2010. There are some minor differences in the ranking of industries between West and East Germany. Furthermore, the drop in coverage is much more uniform across industries in West Germany compared to East Germany. The sector of data processing in fact experienced an increase in coverage in both East and West Germany. For East Germany, there are a number of further cases where coverage increases over time (electricity, gas, water shows the strongest increase and the level in 2006 in East Germany is higher than in West Germany). The largest drop in both West and East Germany occurs in the post and telecommunications sector (from more than 90 % down to somewhere around 50 %) which is most likely related to the liberalisation and privatisation in these industries.
Results
First, we discuss the estimated probit regressions of coverage by collective bargaining on the observed covariates of the employees. Second, we present and discuss the detailed decomposition results which are based on the estimated probit regressions.
Decomposition of Coverage

Probit results
We estimate flexible probit regressions by gender, year, and region. The detailed coefficient estimates and average marginal effects are reported in the additional appendix online. Most results are fairly similar for the different genders, years, and regions. Our discussion will describe the qualitative nature of the results and highlight some important differences.
While education plays only a small role in West Germany, coverage is U-shaped in education in East Germany for 2001, where the high-skilled actually show a higher coverage than the medium-skilled. In 2006, coverage falls with higher education in East Germany.
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The association of age with coverage is significantly negative or insignificant, and the association of tenure with coverage is positive. This is consistent with coverage being higher among older workers. Similarly, the literature reports higher levels of union membership among older employees ) and higher levels of membership in employers' associations among older firms (Schnabel and Wagner 1996) .
The association of firm size with collective bargaining coverage is strongly positive and significant, both statistically and economically. The effect is similar to membership in employers' associations being higher among larger firms (Schnabel and Wagner 1996) . In our analysis, there are strong differences between small and large firms for all cases in 2001. For example, employees working in establishments with 10-99 employees in West Germany are about 45 ppoints less likely to be covered by collective bargaining in 2001 than employees working in establishments with 2,000 employees or more (the reference group). However, these differences are reduced over time and we observe even some changes in the ranks as firms with 1,000-1,999 employees show the highest coverage in 2006.
For West Germany in both years and for East Germany in 2006, the share of male employees shows a strong positive association with coverage. However, this does not apply to East Germany in 2001. The finding may indicate that collective bargaining is more strongly male dominated in West Germany (see discussion in Fitzenberger et al. 2011) and that there is a convergence of East Germany to West German patterns.
20 Incidentally, when the education variable is missing, coverage is lowest. This may be related to the reliability of the reporting to the Federal Statistical Office and to the fact that coverage is determined at the firm level in the following sense: We suspect that uncovered firms have less "rules" to follow and, therefore, have less "sophisticated" personnel records.
There are some differences in coverage across German regions and the ranking of regions changes over time. While North Rhine-Westphalia (NRW) has a high coverage level in 2001, coverage falls below the level of all other West German states in 2006. The same applies to Berlin in the East German sample. We cannot explain these changes.
There are also noticeable differences across industries (note that the omitted category refers to manufacturing of metals). The finance and insurance industry shows very high coverage in all cases, in the order of 20-45 ppoints above the omitted category. Also, manufacturing of coke and chemicals shows high coverage in all cases. There are also some remarkable differences. For instance, real estate shows a very low coverage in all regions in 2001 but only for West Germany in 2006. Turning to the changes over time, the ranking of industries changes little for West Germany and much more so for East Germany. A noticeable change in both West and East Germany involves the strong increase in coverage for data processing and information systems. In East Germany, coverage in real estate increases strongly over time.
Summing up, there are some noticeable changes in the coefficients over time regarding firm size and industries. These changes could drive the observed decline in aggregate coverage to some extent, an issue which would show up in the coefficients effects. Therefore, we now turn to the detailed decomposition analysis.
Sequential decomposition results
The benchmark decomposition results are reported in Tables 4 and 7 . The upper parts of the tables involve a simple decomposition into only two components, the residual (coefficients) and the characteristics effect. The lower parts involve the detailed decomposition into seven components, as described in Section 3. The overall decline in coverage, that is to be decomposed, amounts to −16.9 (−8.4) ppoints for males in West (East) Germany and to −19.9 (−13.9) ppoints for females in West (East) Germany.
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For West Germany, the simple decomposition shows that more than 90 % of the decline are explained by the residual effect. For East Germany, the residual effect amounts to more than 100 % for both, females and males. The residual effect includes changes in the coefficients and in the intercept. For West 21 The estimation of the sequential procedure is computationally involved and one run takes about six days. This is why we cannot provide bootstrapped standard errors. The calculations are carried out on a PC in Wiesbaden at the Federal Statistical Office.
Decomposition of Coverage
Germany, only 8 % (males) to 9 % (females) are explained by changes in the composition of the workforce (characteristics effect). For East Germany, the characteristics effect amounts to −20 % for females and −24 % for males, meaning that the changing characteristics worked against a drop in collective bargaining coverage in the East. For West Germany these results are in line with the recent literature on union coverage which documents a minor role of the characteristics effect (Addison et al. 2011; Antonczyk et al. 2011; Fitzenberger et al. 2011; Schnabel and Wagner 2007) .
The sequential decomposition further decomposes the residual effect and the characteristics effect, leaving the size of these total effects unchanged. The first three components correspond to the coefficients for the personal characteristics (Δ 1 ), firm characteristics (Δ 2 ), and for industry affiliation (Δ 3 ). For West Germany, all of these contribute very little to the drop in coverage (the effects contribute at most 2.6 % and for males the industry coefficients would even have implied an increase in coverage). For East Germany, Δ 1 and Δ 2 also do not contribute in a sizable way to the drop in coverage while the industry coefficients effect Δ 3 would have implied a notable increase in coverage.
Turning to the three different characteristics effects, these also contribute in a minor way to the drop in coverage for West Germany. Most importantly, changes in the industry structure, Δ 5 , explain about 11 % of the drop in coverage.
Changes in the firm characteristics, Δ
6
, contribute with a smaller share of 5 % for males and 2 % for females. Changes in personal characteristics, Δ 7 , counteract the decline in coverage to a small extent. Once again, for East Germany, the results are more complex and the contribution of some of the sequential effects is quite large. Here, changes in the industry structure, explain a major part of the drop in coverage (Δ 5 : 23 % for males and 6 % for females) while changes in firm characteristics (Δ 6 ) would have implied a sizable increase in coverage (54 % for males and 29 % for females). Changes in personal characteristics (Δ 7 ) contribute little. We argue that the compensating firm and industry characteristics effects in East Germany still reflect the ongoing structural adjustment process of the East German economy. On the one hand, firm characteristics change in a way that would increase coverage. On the other hand, industry changes counteract the firm characteristics effect in a way to reduce coverage in East Germany. Both together may reflect strong structural changes in the East German economy. The component of the residual effect associated with the change in the intercept (constant, Δ 4 ) contributes primarily to the aggregate drop in coverage.
This effect reflects the unexplained time trend, i. e. the change in coverage that affects all groups of workers and firms alike, including changes in unobserved covariates. The residual component Δ 4 amounts to −16 (14) ppoints or 95 % (168 %) for males in West (East) Germany and to −17 (19) ppoints or 85 % (136 %) for females in West (East) Germany. Thus, despite sizable changes in slope coefficients and characteristics, the overall drop in coverage remains unexplained reflecting changes in the intercept. For instance, this means that the notable differences in the change in coverage across industries (or other subgroups) discussed in Section 4 do not drive the aggregate drop in coverage. The drop in coverage has basically affected all groups of employees, albeit to a varying degree. Put differently, the change in coverage for the employee with average characteristics in 2001 (this is what Δ 4 estimates) almost coincides with (even exceeds) the overall drop in coverage for West Germany (East Germany), i. e. the noticeable differences of the change in coverage (coefficients effect) and the noticeable changes in characteristics almost cancel each other out. For instance, note that not all industries experience a decline in coverage relative to the omitted category. In other words, different industry coefficients in West Germany compensate each other, resulting in an industry coefficients effect that is close to zero. This finding is in contrast to the notion that the drop in coverage is associated with a decline of employment in high-coverage industries or with certain large industries dropping out of collective bargaining. These results are in line with the literature on coverage (mostly for West Germany) which also documents the dominating role of the residual effect (Addison et al. 2011; Antonczyk et al. 2011) .
22 Recent decomposition analysis of the decline of union membership have also found a minor role of the characteristics effect Schnabel and Wagner 2007) . In contrast, earlier studies find a noticeable role of changes in characteristics (Fitzenberger et al. 1999; Beck and Fitzenberger 2004) . Taking an intermediate position, Biebeler and Lesch (2007) argue that workers' preferences play an important role in explaining the drop in union membership. There is more of a consensus for coverage implying that changes in the composition of the workforce are not the main factor of the drop in coverage. Our sequential approach adds to this literature by showing that not the slope coefficients per se but changes in the constant or in unobservables can fully rationalise the drop in coverage. Which factors could be driving the strong unexplained reduction in coverage (Δ 4 ) which is very similar for both males and females and even higher in East Germany than in West Germany? Dustmann et al. (2014) argue that Germany was increasing the flexibility of its labour market in the late 1990s and the early 2000s in order to cope with the high unemployment rate and to improve its competitiveness. During this time period, wage inequality increased strongly (see also Antonczyk 2011) and a sizable share of firms opted out of 22 See Antonczyk et al. (2011) for a decomposition of coverage at the employee level and Addison et al. (2011) for a decomposition of coverage at the establishment level.
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collective bargaining with the goal to increase wage flexibility at the firm level. Furthermore, wage inequality increased more strongly among covered firms during the early 2000. Thus wage setting under collective bargaining became much more responsive to the conditions at the firm level (Dustmann et al. 2014 ).
Robustness check
In order to check for robustness of our results, we now reverse the direction of the decomposition. The simple decomposition into only two effects reads now: Tables 5  and 8 . It is astonishing that the results of this simple decomposition remain nearly identical when compared to the original ordering for West Germany. For East Germany, the residual component becomes even much stronger but some of the other sequential effects change. The residual effect (constant, Δ 4 rev ) fully explains the drop in coverage. In all cases, except for females in West Germany, this unexplained time trend would have predicted an even higher drop in coverage than observed because the contribution in these cases is above 100 % (it is 107 % (195 %) for males in West (East) Germany and 151 % for females in East Germany). Here, the higher contribution of the unexplained time trend compared to Section 5.2 (see eq.
[3]) implies that either changes in characteristics or changes in coefficients from 2001 to 2006 have partly worked against the drop in coverage. Furthermore, our findings for the coefficients effects typically show a small contribution for West Germany but a noticeable contribution for East Germany in the case of firm coefficients, Δ 6 rev . In East Germany, the firm coefficients contribute to a rising tendency in coverage. As for the characteristics effects, all three are almost negligible for West Germany. In contrast, for East Germany we find compensating effects between strong positive personal and industry characteristics (Δ 1 rev and Δ 3 rev , personal characteristics and industries change in a way that would predict an increase in coverage) and negative firm characteristics (Δ 2 rev , firms change in a way that would predict a drop in coverage). These strong and compensating characteristics suggest that, evaluated at 2006 coefficients, the changes in characteristics imply a stronger impact on coverage compared to Section 5.2. Recall that in all cases the characteristics effect as a whole does not provide an important contribution to explain the drop in coverage. Thus, despite the differences in the detailed decomposition results, the robustness analysis confirms the main finding above, namely, that the unexplained time trend basically fully explains the drop in coverage.
Conclusions
In Germany, as in most industrialised countries, union representation has been in strong decline. This is reflected not only in the drop in union membership but also in the drop in coverage by collective bargaining. This trend is important as it is likely to translate into higher wage inequality (Card 2001; Card et al. 2003; Antonczyk et al. 2010; Dustmann et al. 2014; Addison et al. 2014) .
This study investigates the drop in coverage for the case of Germany during the early 2000s. We develop and implement a sequential decomposition approach that extends upon Fairlie (2005) by using a well defined sequence of counterfactuals. This allows gaining further insight on which of the covariates from the individual or firm level dominate. Our study is the first one developing and applying a sequential decomposition approach to the drop in collective bargaining coverage.
The empirical analysis uses linked employer-employee data from the German Structure of Earnings Survey (GSES, "Verdienststrukturerhebung") com- 
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The decomposition results clearly show that only a minor part of the drop in collective bargaining coverage can be explained by changes in the characteristics or their corresponding slope coefficients. While the development of collective bargaining over time varies substantially between different industries and groups of firms, these differences do not fully explain the drop in coverage because relative gains and losses cancel out. Instead, unexplained changes over time drive the result. This means that the drop in collective bargaining coverage is not confined to certain industries, to establishments of a certain size, nor to certain educational groups of employees. Nevertheless, we find strong evidence for different trends in coverage across industries and groups of firms. These differences are particularly strong in the case of East Germany where firm characteristics change in a way that reduces coverage, whereas changes in industries and personal characteristics would have implied an increasing coverage. Altogether, these effects may reflect strong ongoing structural changes in the East German economy. These findings would be compatible with growing heterogeneity of industries and firms (Card et al. 2013 ).
There are a number of caveats regarding our analysis. First, it should be kept in mind that we only observe whether firms explicitly state that they adhere to a collective contract. This may include firms who are not legally required to do so and this may exclude firms that are merely "oriented" towards a collective contract. Thus, a natural next step for research would be to analyse whether selectivity into collective bargaining coverage has changed over time (Gürtzgen 2016) . Second, a limitation of any decomposition method is that it does not allow causal conclusions and that it ignores general equilibrium effects. Instead, the method points to those factors which are considered important in association with the drop in coverage by collective bargaininga contribution that we consider as important. Third, the GSES data we use involve less information at the individual level or at the establishment level compared to some of the data sets used in the literature. Thus, our analysis based on the GSES should be viewed as a complement rather than a substitute, on the one hand, to the analysis of union membership based on the SOEP or ALLBUS and, on the other hand, to a panel analysis of union coverage based on the IAB establishment panel. Furthermore, the GSES data allow for a distinction between firm-level and sectoral-level bargaining contracts which may be explored in future work.
The findings presented here call for further research. What are the unobserved drivers and mechanisms which lead to the drop in coverage? Because a drop in coverage is observed in many countries (e. g. Visser 2006 ) and because we find a strong unexplained time trend, could there be a universal explanation, e. g. a response to the globalisation of economic activity? As there is only a small and loosely related literature on this hypothesis (Neumayer/de Soysa 2006), we leave this question to future research. 
